1. Introduction
===============

Multivessel coronary artery disease (CAD) is common among patients with non-ST-segment elevation infarction (NSTEMI)^\[[@R1]\]^ and their risk for a major adverse cardiac events (MACEs)^\[[@R2]\]^ is varied. The presence of noninfarct-related artery chronic total occlusion (non-IRA CTO) and diabetes mellitus (DM) in patients with NSTEMI further increases their risk of mortality at 12 months.^\[[@R3]\]^ Hyperglycemia is common among patients admitted to hospital with NSTEMI and may play a role in predicting short- and long-term prognosis after primary percutaneous coronary intervention (pPCI), irrespective of DM status.^\[[@R4]--[@R6]\]^

Selvin et al^\[[@R7]\]^ demonstrated high-glycosylated hemoglobin (HbA1c) levels are associated with an increased risk of cardiovascular events in patients with DM who do not have CAD. HbA1c levels have a U-shaped correlation with MACEs and target lesion revascularization in patients with CAD with stent implants, either as a continuous variable or a categorical variable.^\[[@R8]\]^ A recent meta-analysis demonstrated HbA1c levels are associated with higher risk of nonfatal myocardial infarction (MI) and target vessel revascularization progression among patients with DM after PCI.^\[[@R9]\]^

Pathological responses of insulin resistance (IR), assessed by Homeostatic Model Assessment 2 for Insulin Resistance (HOMA2-IR), was triggered by intracellular lipid accumulation in ectopic tissue and resulted in subsequent impairment in insulin signaling.^\[[@R10]\]^ HOMA2-IR plays an important role in the pathogenesis of DM and metabolic syndrome.^\[[@R11]\]^

The present study aims to characterize the relationship between HbA1c, HOMA2-IR, and prognosis of NSTEMI patients with DM and single concomitant CTO following pPCI.

2. Methods
==========

2.1. Study population
---------------------

A total of 202 patients with NSTEMI were enrolled in the study upon admission to The First Affiliated Hospital of Xinjiang Medical University between January 2008 and September 2014. Exclusion criteria included: STEMI; type 1 DM; severe cardiomyopathy and valvular disease; rescue PCI, prior coronary artery bypass grafting, and plans to undergo prior coronary artery bypass grafting; no CTO in coronary angiography; left main disease; estimated life expectancy \<12 months; history of cerebrovascular attack (within 1 year); severe renal insufficiency requiring dialysis; known contraindication to antiplatelet drugs, lipid-lowering agents, heparin, and contrast or glycoprotein IIb/IIIa inhibitor (GPI); and incomplete clinical data. Written informed consent was obtained, and the Research Ethics Committee of The First Affiliated Hospital of Xinjiang Medical University approved the study.

All patients were admitted to the Department of Cardiology and received intervention in the culprit vessel within 24 hours of presentation. All patients received 300 mg oral aspirin and clopidogrel as well as standard heparin (initial 10,000 IU and boost as the operation progressed). Angiotensin-converting enzyme inhibitor, angiotensin receptor blocker, GPI (tirofiban), statin, unfractionated heparin, low molecular weight heparin, and beta-blocker were administered by the attending physician. Oral antihyperglycemic drugs and insulin were maintained to lower glucose.

2.2. Therapy strategy and definitions
-------------------------------------

NSTEMI was diagnosed according to the criteria from European Society of Cardiology (ESC).^\[[@R12]\]^ DM was defined by prior history based on the medical institution standard diagnostic criteria, diet utilization, oral glucose-lowering medication, and/or insulin or a HbA1c ≥6.5%, which is recognized by the American Diabetes Association (ADA) as sufficient for the diagnosis of DM. Medical history, laboratory results, and angiographic findings were collected and recorded. Each patient underwent an echocardiograph within the first 96 hours after admission and estimated glomerular filtration rate (eGFR) upon admission was estimated using the simplified Modification of Diet in Renal Disease formula.^\[[@R13]\]^

2.3. Laboratory measurements
----------------------------

Plasma glucose was measured by the enzymatic method using a glucose analyzer. Fasting insulin levels were determined using radioimmunoassay (coat-A-count diagnostic products). HOMA2-IR was calculated using an online calculator downloaded from [http://www.dtu.ox.ac.uk](http://www.dtu.ox.ac.uk/). HbA1c was assessed on admission and again at 12 and 24 weeks after discharge. HOMA2-IR was measured on admission and again at 6 and 12 weeks after discharge. Preprocedural means of HbA1c and HOMA2-IR were used to predict composite end points (CEPs) at 2.5 years.

2.4. Angiographic strategy
--------------------------

A coronary artery was considered to be the culprit vessel if one of the following criteria was present: definite or suspected thrombus; ruptured or ulcerated plaque; presence of thrombolysis in myocardial infarction (TIMI) flow grade ≤2; and tight stenosis ≥70% consistent with noninvasive ischemia tests. A CTO was defined as a non-IRA with 100% luminal narrowing before PCI and without anterograde flow or with anterograde or retrograde filling through collateral vessels. Given current practice guidelines for managing NSTE-ACS published by the ESC,^\[[@R14]\]^ the culprit vessel was selected for PCI to decrease the rate of procedure complication and homogenize our research subjects.

2.5. Follow-up and recorded events
----------------------------------

The following events were regarded as CEPs in our study and recorded: revascularization; cardiogenic shock; ischemic stroke; major bleeding (including cerebral hemorrhage and massive hemorrhage of gastrointestinal tract); and cardiac death. CEPs were recorded once and the patient was then removed from the study. After discharge, all patients underwent periodic and prospective follow-up by telephone interview and clinic referrals for 2.5 years.

2.6. Statistical analysis
-------------------------

Baseline characteristics of patients are expressed as mean ± standard deviation or median ± interquartile range for continuous variables and absolute figure (percentage) for categorical variables. Pearson X^2^ was performed for between-group comparisons for qualitative variables and Student *t* or Mann--Whitney *U* test for continuous variables. Long-term survival curves for combined levels of HbA1c and HOMA2-IR were obtained using the Kaplan--Meier method and compared with the log-rank test. Further, Cox proportional hazard regression model was performed to analyze the independent variables associated with the incidence of CEPs. Variables selected for the multivariate Cox proportional hazard analysis were those with *P* \< .1 in the above analysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated by backwards stepwise regression analysis (Wald). The final follow-up was completed on March 31th, 2017. All statistical tests were 2-tailed and performed using SPSS 17.0 (SPSS, Inc, Chicago, IL); a *P*-value \< .05 was considered statistically significant.

3. Results
==========

3.1. Epidemiological characteristics
------------------------------------

Mean age was 62.4 ± 11.8 years, 76% were men. Fifteen suffered CEPs during hospitalization. Nine cases were lost to follow-up. Table [1](#T1){ref-type="table"} shows the initial characteristics of patients according to CEPs occurrence. White blood cells (10.07 ± 4.16 vs 8.83 ± 3.54, *P* = .038), mean HbA1c (8.4% ± 1.3% vs 6.8% ± 1.2%, *P* = .02), eGFR (92.2 ± 26.4 vs 101.8 ± 24.5, *P* = .031), peak cardiac Troponin I (cTnI) (14.2 \[6.1--21.4\] vs 8.3 \[2.0--19.0\], *P* = .034), left ventricular ejection fraction (43.3% ± 6.9% vs 47.0% ± 7.4%, *P* = .040), and time interval from symptom to PCI (11.6 ± 3.7 hours vs 14.2 ± 4.2 hours, *P* = .043) were significantly different between the 2 groups. Previous MI was more likely in the MACEs group compared with those with no MACEs (*P* = .027). Heart rate (81.7 ± 19.4 vs 77.5 ± 14.7, *P* = .066), fasting blood glucose (9.89 ± 2.78 vs 9.14 ± 2.32, *P* = .096), HbA1c (8.5 ± 1.4 vs 7.0 ± 1.2, *P* = .088), and mean HOMA2-IR (5.06 ± 2.98 vs 3.08 ± 2.12, *P* = .081) were approach significance between the 2 groups. Medical treatment including diuretics, nitrates, beta-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors or angiotensin II receptor antagonists (angiotensin receptor blocker), antiplatelet drugs, glucose-lowering drugs, insulin before admission and low molecular weight heparin, and GPI administration during hospitalization were not significantly different between the 2 groups.

###### 

Basic clinical characteristics, laboratory examinations, electrocardiogram results, angiographic, and procedural characteristic.
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3.2. Independent predictors
---------------------------

Through the multivariate Cox regression analysis, previous MI (HR = 1.346, 95% CI = 1.065--1.702, *P* = .013), left ventricular ejection fraction (HR = 0.965, 95% CI = 0.941--0.990, *P* = .006), and HbA1c (HR = 1.216; 95% CI = 1.023--1.445; *P* = .023) were independent predictors of CEPs within 2.5 years after pPCI, while eGFR was approaching significance (HR = 0.226, 95% CI = 0.047--1.090, *P* = .064) (Table [2](#T2){ref-type="table"}). Patients in both groups were followed for 2.5 years from NSTEMI onset. A total of 15 patients were followed for fewer than 24 weeks due to death (11) or loss of contact (4). The mean value of glucose metabolic index was calculated for all data prior to CEPs, regardless of whether all assessments were completed 3 times. The predictive value of HbA1c and HOMA2-IR on individual adverse events are recorded in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}, respectively. HbA1c and HOMA2-IR on admission were both found to be independent predictors of poor prognosis during hospitalization. When considering the long-term ischemic stroke only, although not reaching statistical significance, a trend toward high incidence rate was discovered in high level of HbA1c (HR = 1.189, 95% CI = 0.987--1.432, *P* = .068). Similar condition was found in predicting revascularization by HOMA2-IR (HR = 1.289, 95% CI = 0.964--1.724, *P* = .087). Preprocedural mean HbA1c was predictive in long-term CEPs (HR = 1.167, 95% CI = 1.044--1.305, *P* = .007). Preprocedural mean HOMA2-IR was associated with revascularization (HR = 1.129; 95% CI = 1.008--1.265; *P* = .036) and ischemic stroke (HR = 1.276; 95% CI = 1.044--1.560; *P* = .017) during the 2.5 year follow-up unlike HOMA2-IR on admission.

###### 

Multivariate Cox regression analysis for predictor of CEPs.
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###### 

Risks for hospitalization and 2.5-year composite end points with HbA1c.
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###### 

Risks for hospitalization and 2.5-year composite end points with HOMA2-IR.
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3.3. Subgroup Kaplan--Meier survival curves
-------------------------------------------

To further evaluate the prognostic value of glucose metabolism status, a separate survival analysis was performed in patients grouped according to median HbA1c (7.3%) and HOMA2-IR (4.3). Survival curves from the double-low group (group D, n = 54) showed significantly greater prognostic value compared with group A (n = 52, HR = 6.322, 95%CI = 3.268--12.232, *P* \< .0001), B (n = 50, HR = 3.417, 95%CI = 1.808--6.458, *P* = .0002), and C (n = 46, HR = 2.399, 95%CI = 1.264--4.555, *P* = .0074). Group C had stronger prognostic value compared to group A (HR = 2.6353, 95%CI = 1.3107--5.2988, *P* = .0065) (Fig. [1](#F1){ref-type="fig"}, log-rank test for CEPs, overall *P* \< .0001). These findings should be interpreted with caution, given the limited number of patients included in each group, and therefore limited statistical power to detect differences in the total cohort.

![Kaplan--Meier survival curves of CEPs during 2.5-year follow-up in (A) high HbA1c and high HOMA2-IR; (B) high HbA1c and low HOMA2-IR; (C) low HbA1c and high HOMA2-IR; and (D) low HbA1c and low HOMA2-IR groups. CEP = composite end point, HbA1c = glycosylated hemoglobin, HOMA2-IR = Homeostatic Model Assessment 2 for Insulin Resistance.](medi-96-e8362-g005){#F1}

4. Discussion
=============

This study aimed to investigate the short- and long-term prognostic value of HbA1c and HOMA2-IR after pPCI among patients with DM, NSTEMI, and single contaminant CTO in nonculprit vessels were analyzed. Hyperglycemia induced by acute MI was associated with MI size, area at risk, and salvage^\[[@R15]\]^ and may be associated with increased mortality in patients with and without DM.^\[[@R16]\]^ In patients with DM, NSTEMI, and CTO, HbA1c and HOMA2-IR are useful for determining short-term glucose metabolism state, because glucose on admission may be influenced by diet. Fasting blood glucose may be measured preoperatively or postoperatively in patients. In addition, admission hyperglycemia may be due to the poor glycemic control more so than the stress reaction caused by limited residual myocardium.^\[[@R17]\]^

Hyperglycemia interrelates with platelet activation, fibrin clot resistance to lysis, and enhanced thrombin formation in patients with acute coronary syndrome.^\[[@R18]\]^ Hyperglycemia can also increase endothelin-1 secretion in endothelial cells which may aggravate MI.^\[[@R19]\]^ HbA1c can be used to determine average blood glucose levels over 2 months^\[[@R20]\]^ and is minimally affected by acute hyperglycemia often observed in MI. Previous evidence has shown chronic glucose dysregulation (ie, HbA1c levels) has strong prognostic value in patients with or without DM after MI.^\[[@R21],[@R22]\]^ Elevated HbA1c is an important determinant of atherosclerosis beyond the risk associated with diagnosed DM.^\[[@R23]\]^ Kassaian et al^\[[@R24]\]^ found more type C lesions in patients with high HbA1c, similar to the results of this study. The ADVANCE study showed intensive glycemic control to lower than 6.5% helped to prevent microvascular complications^\[[@R25]\]^; insufficient benefit from macrovascular protection was gradually verified by patients without strict glycemic control.^\[[@R26]\]^ HbA1c levels prior to stroke demonstrate a dose--response relationship with poor functional recovery.^\[[@R27]\]^ Finally, HbA1c levels impact the extent of perfusion abnormalities and left ventricular dysfunction.^\[[@R28]\]^

There is some limited data showing preprocedural HbA1c levels are not associated with severity of CAD^\[[@R29]\]^ and do not predict recurrent cardiovascular events after successful PCI in patients with DM and advanced CAD.^\[[@R30],[@R31]\]^ This study included patients with acute MI, cardiogenic shock, unstable angina pectoris, or stable angina pectoris and therefore less severe coronary lesions. In the present study, it is hypothesized that glucose plays a decisive role for the patient population, which may be reflected by the severe CTO prior to NSTEMI episode.

HOMA2-IR may be used to stratify risk for the recurrence of coronary events in the postinfarction population^\[[@R32]\]^ and predict in-hospital mortality after acute coronary syndrome.^\[[@R33],[@R34]\]^ Previous studies have shown the incidence of adverse cardiac events including mortality rises independently from DM, along with the increase of IR in patients with coronary heart disease.^\[[@R35],[@R36]\]^ IR influences diastolic function among patients with subclinical left ventricular dysfunction and cardiovascular risk factors.^\[[@R37],[@R38]\]^ This may be explained by the decline of circulating endothelial progenitor cells, which have the capacity to repair endogenous vasculature.^\[[@R39]\]^ Patients without DM may suffer acute IR after MI, which is associated with incomplete myocardial reperfusion and impaired coronary microcirculatory function.^\[[@R40]\]^ In the present study, high levels of HOMA2-IR after PCI predicted poor prognosis. Emerging evidence suggests the direct proatherogenic^\[[@R41]\]^ and negative inotropic^\[[@R42]\]^ effect of IR are responsible for the incidence of MACEs. In addition to IR, low insulin secretion appears simultaneously with endothelial dysfunction, enhanced inflammatory response, higher coronary thrombotic burden, and higher short-term mortality after MI.^\[[@R43]\]^

5. Limitations
==============

The small sample size from 1 hospital limits the ability to apply these results more broadly. Further, it is difficult to obtain subsequent treatment during follow-up of each patient. Some patients may change or strengthen glycemic control scheme. Some patients did not complete 3 subsequent tests, which result in failure to reflect the glucose metabolism status in the same phase for all the patients. Patients were treated according to the norms of the present institution by multiple physicians, which may explain the heterogeneity in the final result. Finally, the infarct size was not assessed to evaluate the severity of basal CTO.

6. Conclusion
=============

High levels of HbA1c and HOMA2-IR in patients with DM may independently predict composite CEPs among NSTEMI patients with single contaminant CTO during hospitalization after pPCI. Moreover, admission and preprocedural HbA1c levels predict long-term prognosis, while preprocedural HOMA2-IR levels are associated with 2.5-year revascularization and ischemic stroke. Better glycemic control and other intervention selection may be beneficial to those patients at risk.

Abbreviations: CAD = coronary artery disease, CEP = composite end point, CI = confidence interval, CTO = chronic total occlusion, eGFR = estimated glomerular filtration rate, GPI = glycoprotein IIb/IIIa inhibitor, HbA1c = glycosylated hemoglobin, HOMA2-IR = Homeostatic Model Assessment 2 for Insulin Resistance, HR = hazard ratio, IR = insulin resistance, IRA = infarct-related artery, MI = myocardial infarction, pPCI = primary percutaneous transluminal coronary intervention.
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